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Summary The patient was a 37-year-old female who had undergone a repair for tetralogy of
Fallot (TOF) at the age of 4 years. Postoperative pulmonary stenosis remained, but she continued
to be managed medically. Approximately 3 years ago, at the age of 34, she exhibited a worsening
of fatigue and dyspnea during exertion (New York Heart Association III), and was therefore hos-
pitalized for a detailed examination. In cardiac catheterization, a right ventricle to pulmonary
artery peak-to-peak gradient of about 90mmHg was observed. Since it appeared that medical
treatment alone would not sufﬁciently control her heart failure, pulmonary valvuloplasty using
a triple-balloon technique was performed for the pulmonary stenosis. The peak-to-peak gra-
dient immediately after the procedure decreased to 13mmHg. There were no indications of
restenosis approximately 6 months after the procedure, and the symptoms of heart failure in
her daily life improved thereafter.
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ntroduction
etralogy of Fallot (TOF) is characterized by right ventricu-
ar outﬂow tract stenosis, a ventricular septal defect (VSD),
verriding aorta, and right ventricular (RV) hypertrophy. It
s the most common cyanotic congenital heart disease, and
ccounts for 3.36% of all congenital heart diseases [1]. Sur-
ical repair for TOF became possible after the development
f cardio-pulmonary bypass in 1953, and the surgical results
Published by Elsevier Ireland Ltd. All rights reserved.
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rFigure 1 Pressure curves while pulling from the pulmonary a
peak gradient was 92mmHg (right ventricular pressure: 117mm
have dramatically improved since the 1970s. Currently, the
survival rate of patients over 20—30 years after repairs for
TOF is 85—90%, which is regarded as good. The speciﬁc fac-
tors that affect survival after surgical repair include the
age at the time of repair, when the repair was conducted
(i.e., before 1970), residual pulmonary stenosis, pulmonary
regurgitation (PR), and arrhythmia [2—4]. The most frequent
cause of death in the late phase after a surgical repair is
sudden death, later determined to be due to heart failure
associated with residual pulmonary stenosis.
In recent years, percutaneous balloon pulmonary valvu-
loplasty has been performed with relatively good results,
also eliminating the need for a high number of repeat
surgeries for TOF [5—7]. However, in patients with large
diameter valve annuli, problems such as balloon stability
during inﬂation, balloon size, and burst pressure have been
observed. There are also reports of percutaneous pulmonary
valvuloplasty using an Inoue balloon or several balloons
[7—9]. The double-balloon technique is occasionally used
for valvuloplasty [10,11], but pulmonary valvuloplasty using
a triple-balloon technique [12] is still rare.
Case reportThe patient was a 37-year-old female who had undergone
a repair of TOF at the age of 4 years. Pulmonary steno-
sis of approximately 70mmHg remained after the surgery,
but she was managed medically. Approximately 3 years ago,
she exhibited worsening fatigue and dyspnea during exertion
b
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vtoward the right ventricle. The RV-pulmonary artery peak-to-
pulmonary pressure: 25mmHg).
New York Heart Association (NYHA) III] and was hospitalized
n August 29, 2006, for a detailed examination and treat-
ent. Cardiac catheterization revealed an RV-to-pulmonary
rtery peak-to-peak gradient of about 90mmHg (Fig. 1) and
restricted opening of the pulmonary valve (dome-shaped
ormation) in the right ventriculography (Fig. 2). Due to
ifﬁculties in controlling the subjective symptoms with con-
ervative treatment, the patient was hospitalized again on
ovember 27 to undergo percutaneous pulmonary valvulo-
lasty. Her medical history included ventricular tachycardia
hat was detected at the age of 32 years. She had no his-
ory of pregnancy, and no relevant factors were listed in
er family history. Her physical condition at the time of
e-hospitalization was as follows: height of 151.8 cm; body
eight of 48.7 kg; pulse of 70 bpm, regular; blood pressure
f 90/52mmHg; room air arterial oxygen saturation of 98%.
eart sounds revealed a systolic murmur of Levine IV/IV
nd diastolic murmur of II/VI in the left sternal border at
he level of the second intercostal space. There were no
bnormal ﬁndings in respiratory sound. No pretibial edema
as observed. No abnormalities were observed in blood bio-
hemical tests, but plasma brain natriuretic peptide (BNP)
igniﬁcantly increased to 716 ng/ml. A resting electrocar-
iogram revealed a heart rate of 74 bpm with normal sinus
hythm, and a right axis deviation and a complete right
undle branch block. Chest X-P revealed a cardiothoracic
atio of 71.8% with projections of the right second arch and
he left fourth arch. Transthoracic echocardiography demon-
trated left ventricular septal displacement due to right
entricular enlargement in the short-axis B-mode image.
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and this is said to be a determining factor for the prognosis of
F
aigure 2 Right ventriculography. A restricted pulmonary
alve opening (dome-shaped formation) was observed (arrow).
he inferior vena cava (IVC) diameter was 10mm and respi-
atory ﬂuctuations were maintained. Using the continuous
ave Doppler method, a peak instantaneous gradient of 77
mHg from RV to pulmonary artery was detected (Fig. 3).
he color Doppler method revealed mild PR and a slight
esidual shunt blood ﬂow of VSD. The left ventricular func-
ion was maintained with ejection fraction (EF) of 62.1%.
On November 29, percutaneous pulmonary valvuloplasty
as performed for the pulmonary stenosis. Two 10Fr sheaths
ere inserted into the right femoral vein, and a third into
he left femoral vein. With catheters for pulmonary arte-
iography (Berman angiocatheter with an endhole, Arrow
nternational, Reading, PA, USA) as backup, three 0.035-
n. guidewires (Amplatz super stiff wire, Boston Scientiﬁc,
atertown, MA, USA) were placed, with two in the right
T
p
w
a
igure 3 Transthoracic continuous wave Doppler echocardiogram
nd the pulmonary artery was about 77mmHg. RV, right ventricle; PA. Fujii et al.
ulmonary artery and one in the left pulmonary artery.
hree balloons (Z-MED II 12mm× 30mm, NuMED, Hopkin-
on, NY, USA) were inﬂated simultaneously with 6 atm at
he position of the pulmonary valve, but because the waists
ould not be conﬁrmed during inﬂation, one of them was
eplaced with a larger balloon of 15mm in diameter (Z-MED
I 15mm× 30mm, NuMED) and inﬂated again, until disap-
earance of the waist during inﬂation was conﬁrmed (Fig. 4).
igniﬁcant hemodynamic changes were not observed dur-
ng the procedure. In the right ventriculography after the
alvuloplasty, the restricted opening of the pulmonary valve
ad improved, and the RV-to-pulmonary artery peak-to-peak
radient had decreased to 13mmHg (Fig. 5). The procedure
as thus completed. There was only one episode of nonsus-
ained monomorphic ventricular tachycardia immediately
fter the procedure, but the patient’s general condition
oth during and after the procedure was good, and she was
ischarged from the hospital on December 3.
In the 6 months postoperative transthoracic echocardio-
raphy, the peak instantaneous Doppler gradient from RV to
ulmonary artery was about 23mmHg and had not worsened,
nd there was no worsening of the PR. The patient’s sub-
ective symptoms in daily life improved signiﬁcantly (NYHA
II→ II), and her plasma BNP had decreased to 180 ng/ml at
months after the procedure.
iscussion
e treated an adult with chronic right heart failure due
o pulmonary stenosis that had remained after a repair for
OF. It is believed that pressure overload of RV due to pul-
onary stenosis remaining after TOF repair, as presented in
his case, causes right heart failure and critical arrhythmia,OF. According to the ACC/AHA Task Force, balloon valvulo-
lasty is recommended in patients with pulmonary stenosis
ho have symptoms of heart failure and a RV-to-pulmonary
rtery peak-to-peak gradient greater than 30mmHg [13].
: the peak instantaneous gradient between the right ventricle
A, pulmonary artery.
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Figure 4 Conducting percutaneous pulmonary valvuloplasty:
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Using several balloons makes it possible to retain higherthe triple-balloon technique was performed using two balloons
measuring 12mm in diameter and one balloon measuring 15mm
in diameter, and the waists of the balloons were lost.
This procedure was ﬁrst performed by Kan et al. [5] in 1982
and was reported in Japan by Yokochi et al. in 1984 [14].
Currently, good medium- to long-term results [15,16] have
been reported, and this is considered to be the established
strategy for this disorder.
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Figure 5 Right ventricular pressure curves before and after pulmo
78mmHg (right ventricular pressure: 96mmHg, pulmonary pressure: 1
pressure: 40mmHg; pulmonary pressure: 27mmHg) after the valvulo133
For single balloon valvuloplasty, the recommended bal-
oon diameter is about 120—140% of the pulmonary valve
nnulus measured by a right ventriculography [8]. In this
ase, the effective dilation diameter of the balloon should
e 24—28mm, because the diameter of the pulmonary
alve annulus was 20mm. In an adult patient, the bal-
oon diameter tends to be larger, so that it cannot attain
igh burst pressure without increased risk of balloon rup-
ure. Moreover, stability of the balloon catheter is poor
uring inﬂation, and increased risk of peripheral blood ves-
el injury has also been reported [8,11]. In recent years,
rocedures using an Inoue balloon [8,9] or several balloons
ave occasionally been tried. An Inoue balloon, which was
eveloped by Inoue et al., is a unique hourglass-shaped bal-
oon catheter and is widely used mainly for mitral stenosis
17]. The advantage of this balloon is its self-positioning
atheter; this unique feature contributes to stability of the
alloon during inﬂation, because the constricted part in the
enter of the balloon is locked with a stenotic valve. On the
ther hand, methods using several balloon catheters are less
nvasive to the peripheral blood vessels, because the indi-
idual balloon shafts are thinner, and thus can be more easily
elivered to the pulmonary artery. Transient decline in sys-
emic pressure during single balloon valvuloplasty caused
y a blockage of pulmonary perfusion sometimes becomes a
roblem.lood ﬂow through the spaces of the balloons, preventing
ransient decline in systemic pressure. For these reasons,
ulmonary valvuloplasty using a double-balloon technique
s often performed [10,11]. However, a problem of the
nary valvuloplasty: the peak-to-peak gradient decreased from
8mmHg) before the valvuloplasty to 13 mmHg (right ventricular
plasty.
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ouble-balloon technique is that, because an ovoid elon-
ated deformity of the balloons is created during inﬂation,
he pressure applied to the valve annulus is unevenly dis-
ributed and sufﬁcient balloon pressure cannot be applied.
his problem can be avoided using the triple-balloon tech-
ique, as was performed in this report. The form of the
alloons during inﬂation is nearly round and pressure is
istributed more evenly, so the application of a more suf-
cient balloon pressure can be obtained [17]. In addition,
alloon catheters with relatively high burst pressures are
ften required because pulmonary stenosis remaining after
repair for TOF may exhibit calciﬁcation and the mobil-
ty of the valve may be poor. However, an appropriate
urst pressure cannot generally be obtained with larger bal-
oons. In this regard as well, the triple-balloon technique
s more advantageous than the double-balloon technique.
urthermore, this method provides more space than the
ouble-balloon technique, so more pulmonary perfusion can
e retained during valvuloplasty. Finally, because each bal-
oon is small, the deﬂation time is short, so a perfusion
locking time can also be expected to be short. In fact, sig-
iﬁcant hemodynamic changes, which can be a hindrance,
ere not observed during the procedure of this case.
The triple-balloon technique has been used for the dila-
ion of large structures, such as the aorta, inferior vena
ava, and esophagus. Gaylord et al. geometrically stud-
ed balloon diameters using this triple-balloon method [18].
ased on their report, we estimated that a diameter of
bout 26mm could be obtained by two balloons 12mm in
iameter and one balloon 15mm in diameter, simultane-
usly inﬂated. McCrindle et al. [19] reported that in patients
ith a RV-to-pulmonary artery peak-to-peak gradient of at
east 36mmHg after balloon valuvuloplasty, the long-term
uccess rate is low, and re-intervention is often necessary.
n the present patient, the RV-to-pulmonary artery peak-
o-peak gradient after the procedure was 13mmHg, thus
ndicating a good ameliorating effect on the right ventricu-
ar pressure load. There were no increases in the pressure
oad in the chronic phase after the procedure, and her sub-
ective symptoms have since been relieved. From this case,
e believe that valvuloplasty using the triple-balloon tech-
ique is a promising strategy to improve chronic prognosis
f pulmonary stenosis.
eferences
[1] Samánek M, Vorísková M. Congenital heart disease among
815,569 children born between 1980 and 1990 and their 15-year
survival: a prospective Bohemia survival study. Pediatr Cardiol
1999;20:411—7.
[2] Murphy JG, Gersh BJ, Mair DD, Fuster V, McGoon MD, Ilstrup
DM, McGoon DC, Kirklin JW, Danielson GK. Long-term outcome
in patients undergoing surgical repair of tetralogy of Fallot. N
Engl J Med 1993;329:593—9.
[3] Jonsson H, Ivert T. Survival and clinical results up to 26 years
after repair of tetralogy of Fallot. Scand J Thorac Cardiovasc
Surg 1995;29:43—51.
[4] Nollert G, Fischlein T, Bouterwek S, Böhmer C, Klinner W,
Reichart B. Long term survival in patients with repair of tetral-
ogy of Fallot: 36-year follow-up of 490 survivors of the ﬁrst
year after surgical repair. J Am Coll Cardiol 1997;30:1374—83.
[A. Fujii et al.
[5] Kan JS, White Jr RI, Mitchell SE, Gardner TJ. Percutaneous
balloon valvuloplasty; a new method for treating congenital
pulmonary-valve stenosis. N Engl J Med 1982;26:540—2.
[6] Sreeram N, Saleem M, Jackson M, Peart I, McKay R, Arnold
R, Walsh K. Results of balloon pulmonary valvuloplasty as a
palliative procedure in tetralogy of Fallot. J Am Coll Cardiol
1991;18:159—65.
[7] Rao PS. Percutaneous balloon pulmonary valvuloplasty: state
of the art. Catheter Cardiovasc Interv 2007;69:747—63.
[8] Lau KW, Hung JS, Wu JJ, Chern MS, Yeh KH, Fu M. Pulmonary
valvuloplasty in adults using the Inoue balloon catheter. Cathet
Cardiovasc Diagn 1993;29:99—104.
[9] Chen CR, Cheng TO, Huang T, Zhou YL, Chen JY, Huang YG, Li
HJ. Percutaneous balloon valvuloplasty for pulmonic stenosis
in adolescents and adults. N Engl J Med 1996;335:21—5.
10] Al Kasab S, Ribeiro PA, Al Zaibag M, Halim M, Habbab MA,
Shahid M. Percutaneous double balloon pulmonary valvo-
tomy in adults: one-to-two year follow-up. Am J Cardiol
1988;62:822—4.
11] Lin SC, Hwang JJ, Hsu KL, Lee CM, Wang JK, Tseng CD, Chiang
FT, Liau CS, Tseng YZ. Balloon pulmonary valvuloplasty in adults
with congenital valvular pulmonary stenosis. Acta Cardiol Sin
2004;20:147—53.
12] Escalera 2nd RB, Chase TJ, Owada CY. Triple-balloon pulmonary
valvuloplasty: an advantageous technique for percutaneous
repair of pulmonary valve stenosis in the large pediatric
and adult patients. Catheter Cardiovasc Interv 2005;66:446—
51.
13] American College of Cardiology/American Heart Association
Task Force on Practice Guidelines; Society of Cardiovascu-
lar Anesthesiologists; Society for Cardiovascular Angiography
and Interventions; Society of Thoracic Surgeons. ACC/AHA
2006 guidelines for the management of patients with valvular
heart disease: a report of the American College of Car-
diology/American Heart Association Task Force on Practice
Guidelines (writing committee to revise the 1998 Guidelines
for the Management of Patients with Valvular Heart Disease):
developed in collaboration with the Society of Cardiovascular
Anesthesiologists: endorsed by the Society for Cardiovascular
Angiography and Interventions and the Society of Thoracic Sur-
geons. Circulation 2006;114:e84—e231.
14] Suzuki K, Akagi T, Toyoda O, Mikajima T, Inoue O, Yokochi K,
Kato H. Balloon valvuloplasty for pulmonary valvular stenosis:
a long-term follow-up study using pulsed Doppler echocardio-
graphy. J Cardiol 1988;18:425—33.
15] Rao PS, Galal O, Patnana M, Buck SH, Wilson AD. Results of
three to 10 year follow up of balloon dilatation of the pul-
monary valve. Heart 1998;80:591—5.
16] Fawzy ME, Awad M, Galal O, Shoukri M, Hegazy H, Dunn
B, Mimish L, Al Halees Z. Long-term results of pulmonary
balloon valvulotomy in adult patients. J Heart Valve Dis
2001;10:812—8.
17] Tanaka S, Watanabe S, Matsuo H, Segawa T, Iwama M, Hirose
T, Takahashi H, Ono K, Warita S, Kojima T, Minatoguchi S, Fuji-
wara H. Over 10 years clinical outcomes in patients with mitral
stenosis with unilateral commissural calciﬁcation treated with
catheter balloon commissurotomy: single-center experience. J
Cardiol 2008;51:33—41.
18] Gaylord GM, Pritchard WF, Chuang VP, Casarella WJ, Sprawls
P. The geometry of triple balloon dilation. Radiology19] McCrindle BW. Independent predictors of long-term results
after balloon pulmonary valvuloplasty. Valvuloplasty and Angio-
plasty of Congenital Anomalies (VACA) Registry Investigators.
Circulation 1994;89:1751—9.
